Relationships between cashew nut yield and nine agronomic traits comprising seven reproductive (nut and floral) and two vegetative characters were studied in 59 selected cashew genotypes over three production seasons. Phenotypic correlation analysis showed that nuts per panicle (r = 0.844), number of nuts per tree (r = 0.988) and number of hermaphrodite flowers per panicle (r = 0.863) were positively correlated with nut yield and could be used as primary components for improving yield. Although correlation analysis showed insignificant association between nut weight and nut yield, path analysis revealed that the trait had significant positive direct effect (0.317) on nut yield. The subtle indirect effects of nut weight and leaf size on nut yield were more important than their direct effects and could be classified as secondary components. Both the direct and indirect effects of weight of the whole fruit and tree canopy on nut yield were negative and appeared detrimental.
Introduction
Cashew (Anacardium occidentale L.) is a tropical nut crop that belongs to the family Anacardiaceae, which consists of about 75 genera and 700 species (NAKASONE and PAULL, 1998) . BEHRENS (1998) described cashew as a tropical tree species that originated from South and Central America. The tree is widely cultivated in many tropical countries of the world. The crop was introduced to India, Asia, and Africa in the 15 th and 16 th centuries (WOODROOF, 1967; OHLER, 1979) . It is believed that cashew nut was brought into Africa from the northern part of South America by Portuguese missionaries in 1400 (MITCHELL and MORI, 1987) . The crop has spread for over 500 years either naturally or through smallholder's cultivation. As smallholder crop in Africa, cashew is usually grown as a mono-crop or intercropped with food crops such as cassava, groundnuts, sesame, beans, maize, melon and sorghum. It was estimated that about 3 millions households in Africa were involved in cashew nut production with an average acreage of 3 hectares cashew trees.
Cashew is an evergreen perennial with dense foliage and can grow as high as 15 meters or more. Flowering normally occurs following the growth flush at the end of wet season and panicles are produced at the end of new shoots with majority at the periphery of the tree canopy. The panicle usually contains both male and hermaphrodite flowers in varying proportion. Cashew is an outbreeder and predominantly pollinated by insects, although some self-compatible and self-fertile ones had been reported (NORTHWOOD, 1966; MASAWE, 1994; FREITAS and PAXTON, 1996; ALIYU, 2004) . The kidney shaped nut is the true fruit of the cashew and is attached to the bottom of the apple. The kernel is protected by a hard shell or endocarp and a spongy mesocarp which contains the cashew nut shell liquid (CNSL). CNSL has a number of industrial uses especially in the manufacturing of brake linings, paints and vanishes etc. The juicy apple is usually yellow, orange or red in colour and high in vitamin A and C. In Africa, cashew apples are eaten fresh or made into alcohol but most of them are not used. The fruits drop to the ground, collected every few days and the nuts detached from the apples. The harvested nuts are sun dried as high moisture content can cause deterioration in kernel quality through mould, bacteria or enzyme activity.
In Africa, cashew gained economic importance after 1920s. Thereafter, cashew nut production in Africa increased substantially and became one of the major export crops for some of the African countries especially Mozambique and Tanzania. In the period between 1950 and 1970, the African continent as a whole supplied 70 % of cashew nut production annually (SHOMARI and TOPPER, 2003) . In the recent years, cultivation has extended to other countries including Benin, Ghana, Guinea Bissau, Kenya, Madagascar, Nigeria and Togo. The world cashew production has continued to increase steadily over the years, while Africa's share drastically diminished and this has been principally attributed to low tree yields. Cashew tree populations in Africa comprise mostly low yielding trees. Little work has been done to improve the yield potential of African cashew trees. Tree yields in farmers' field have been found to be highly varied such that, some trees may yield nothing whilst the best usually produced over 20 kg (MARTIN and KASUGA, 1995; ALIYU, 2004) . MARTIN et al. (1998) found that at least 70 % yield came from an half of those productive trees in a farmer's field, while 30 % yield resulted from another half of unproductive trees.
One of the primary objectives of cashew breeders is to increase the nut yield. Generally, yield represents the final character resulting from many developmental and biochemical processes which occur between germination and maturity. Before yield improvements can be realized, the breeder needs to identify the causes of variability in nut yield in any given environment. Since fluctuation in environment generally affects yield primarily through its components, many researchers have analyzed yield through its components (ADAMS, 1967; MCNEAL et al., 1974; ISHAQ et al., 2000; ESAN and OMO-LAJA, 2002) . GRAFIUS (1960) suggested that individual yield components may contribute valuable information in breeding for yield. Yield when viewed from the mechanistic or geometric point of view is a product of its components. Knowledge of the association between traits being improved e.g. yield and other traits in the population is desirable to a plant breeder. This will enable him to know how the selection pressure exerted by him on one trait will cause changes in other traits. Furthermore, the direction and magnitude of such changes could be made manifest. Traits associated with yield may be used either as indirect selection criteria or in a selection index for higher yield.
Statistical methods which have been developed to quantify relationships among traits in crop plants are correlation and regression analyses. Correlation analysis quantifies the relationships between any given pair of traits without regards to cause/effect relationship. Multiple regression analysis could be used to predict the performance of a dependent or resultant variable such as nut yield on the basis of a given set of independent or causal variables (DRAPER and SMITH, 1967; JACKSON, 1967) . Despite the predictive role played by various multiple regression models, the interrelationships among causal variables cannot be clearly elucidated by multiple regression analysis. Path coefficient analysis can be used to get over the limitations of the first two techniques. Path analysis is a standardized partial regression analysis and was developed by WRIGHT (1921 WRIGHT ( , 1923 . It is useful in partitioning the correlation coefficients into direct effect through a given causal variable and indirect effects through alternate pathways (other causal variables).
The objective of this study was to quantify the phenotypic relationship between nut yield and nine other agronomic traits in cashew, on which data were collected for three production seasons, in order to gain representative results for efficient future selection and improvement.
Materials and Methods
Fifty-nine accessions comprising three selected populations (eleven clones from a farmer's farm in Ochaja, O.M. Aliyu·Silvae (1999) (2000) (2001) (2002) . The materials were planted in a randomized complete block layout consisting of three replicates. Each accession was represented by three entries per block and they were planted at a spacing of 10 m x 10 m in 1988.
Data were collected on reproductive traits; nut weight (NWT), number of nuts per panicle (NNP), number of nuts per tree (NNT), nut yield in kg per tree (NYT), weight of a whole fruit (WWF), number of hermaphrodite flowers per panicle (HFP), pollen grain fertility (PGF) and days to flower anthesis (DFA); and on vegetative traits; tree canopy spread (TCS) and leaf size (LSZ) using the Descriptor for Cashew by International Board for Plant Genetic Resources (IBPGR 1986) . Data on number of nuts per panicle (NNP) and number of hermaphrodite flowers per panicle (HFP) were collected from 40 panicles/inflorescences, randomly selected across the four cardinal positions of the tree canopy for each variable.
Data were summarized and statistically analysed for correlation coefficient analysis using 8.0 version of SAS software package. Path coefficient analysis was done following the procedure outlined by KIM and KOHOUT (1975) , LI (1981) and SINGH and CHAUDHARY (1985) . The technique permitted the evaluation of the direct causal effect or path coefficient P iy of a cause i on an effect y i.e. nut yield and indirect effect of that cause through another causal variable j. A single direct effect (unidirectional pathway) is quantitatively equal to P iy while an indirect effect through alternate pathway is expressed as pathway P jy x correlation coefficient r ij of various agronomic traits on nut yield. Total indirect effects I is the sum of individual indirect effects. The effect coefficient C is the sum of direct and total indirect effects of a causal variable. Non causal correlation or residual E is the coefficient of total correlation minus effect coefficient.
Results
The summary of the phenotypic correlations among yield and nine agronomic traits is presented in Table 1 . The highest positive correlation was found between nut yield and nuts per tree (r = 0.99), while the most significant negative association was between tree canopy and nut yield (r = -0.61). The results showed that nuts per tree, hermaphrodite flowers per panicle and pollen grain fertility were positively and significantly correlated with each other. Days to flower anthesis, weight of the whole fruit and leaf size were negatively correlated with nuts per tree, hermaphrodite flowers per panicle and pollen grain fertility. However, leaf size had significantly positive and highly significant relationships with nut weight and weight of the whole fruit. Nuts per panicle, nuts per tree, hermaphrodite flowers per panicle and pollen grain fertility were highly significant and positively correlated with nut yield, while leaf size slightly correlated (P < 0.05) with the nut yield. Highly significant negative correlations were recorded between nut yield and days to anthesis and tree canopy. Association between nut weight and nut yield was positive but insignificant. Traits such as nuts per panicle, nuts per tree and hermaphrodite flowers per panicle were highly significant and negatively correlated with nut weight. Meanwhile, weight of the whole fruit was positive and significantly correlated with nut weight, suggesting that genotypes with large apples tended to produce large nuts. Table 2 is the combined summary of direct and indirect effects, effect coefficients and residuals of nine agronomic traits on cashew nut yield. Figure 1 shows the diagrammatic representation of the path analysis. The results showed that nut weight; nuts per panicle, nuts per tree, hermaphrodite flowers per panicle, pollen grain fertility and leaf size had significant positive direct path coefficients with nut yield. The direct effects of tree canopy and weight of the whole fruit was negatively significant, while direct effect of days to flower anthesis was negative and insignificant. Nuts per tree with the highest correlation coefficient also had the highest direct path coefficient (P 3,10 = 0.58) with nut yield. The indirect effects of nuts per tree through nuts per panicle and hermaphrodite flowers per panicle and pollen grain fertility were significant and positive. The highest indirect path coefficient of nuts per tree was through nuts per panicle with value of 0.57. It is also important to note that the total indirect effect (I = 0.41) of this trait was the highest. Nut weight which has insignificant positive association with cashew nut yield in the correlation coefficient analysis was found to show significant direct effect with cashew nut yield (P 1,10 = 0.317) in path coefficient analysis, but its indirect effects through nuts per tree and nuts per panicle were negative and significant. Besides leaf size with significant and positive indirect path coefficient, indirect effects of nut weight through other variables was negligible.
Significant positive indirect effects of nuts per panicle were recorded through nuts per tree, hermaphrodite flowers per panicle, pollen grain fertility and nut weight, while its indirect effects through leaf size, weight of the whole fruits and tree canopy were negatively significant. The total indirect effects of this yield related trait was positive (I = 0.41). Hermaphrodite flowers per panicle had total indirect effects of (I = 0.40), with only its indirect effect through nuts per panicle significant, while others were negligible. However, the indirect effects of pollen grain fertility through days to flower anthesis and tree canopy were negatively significant, but positive through nuts per tree and hermaphrodite flowers per panicle. The indirect effects of days to flower anthesis was significant and negative (I = -0.33). Both direct and indirect effects of days to flower anthesis through other variables were negligible except through pollen grain fertility with indirect path coefficient of -0.21. Weight of the whole fruits had significant positive indirect effects on nut yield through nut weight and leaf size and its total indirect effects was (I = 0.22). Although leaf size had positive and significant indirect effects on cashew nut yield through nut weight and weight of the whole fruits, its indirect effect through tree canopy was however negative.
Discussion
Generally, the nature of inter trait correlations may enhance or retard the selection progress. A positive rela-O.M. Aliyu·Silvae Genetica (2006) 55-1, 19-24 tionship indicates that the selection for improvement in one of the yield components would result in concomitant increase in one or more components. This type of relationships was recorded mostly among reproductive (nuts and floral) traits in this study. Positively and highly significant relationships among nuts per panicle, nuts per tree, hermaphrodite flowers per panicle, pollen grain fertility and nut yield suggest that nut yield can be improved through selection for these yield components. The significant positive correlations between nuts per panicles and nuts per tree and hermaphrodite flowers per panicle were in accordance with the reports of RAO (1974) and MURTHY et al. (1984) . Improvement of cashew nut yield can therefore be achieved through selection of these highly correlated characters as increase in mean value of any one of the characters would significantly increase the means of others (PEDRO DE AZEVEDO et al., 1998) . Insignificant association between nut weight and nut yield, indicated that yield improvement through direct selection of nut weight as a single character would be impractical. However, path analysis showed that nut weight had direct influence on yield and indirect significant effect through leaf size. The insignificant relationships between nut weight and nut yield in this study was contrary to the negatively significant association reported by NORTHWOOD (1966) . But similar negative influence of nut weight on nuts per tree and nuts per panicle were shown (Table 1) .
Although, other perennial species have shown positive correlations between fruit production and diameter of the canopy (GLENDINNING, 1966; SINGH DHALIWAL, 1968; GARCIA and NICOLELLA, 1985) , negative relationships between tree canopy and nut yield showed that cashew trees with large canopies tend to produce lower yield. MASAWE (1994) and MASAWE et al. (1998) reported similar observations on cashew in Tanzania. This result suggests that cashew trees with small canopies are likely to produce higher yield per unit area. NAMBIAR (1977) reported that cashew trees with excessive vegetative growth and large canopies were less productive than those with the medium-sized canopies. In addition, MARTIN and KASUGA (1995) reported that individual tree yield was highly variable and poorly correlated with density and canopy ground cover area.
Significant relationship between leaf size and nut yield suggests that leaf surface area plays significant role in dry matter production during fruit development and genotypes with large leaves tend to produce large fruit (apple and nut) (ALIYU, 2004) . The influence of the relationships between leaf size and nut yield would be better amplified by nut weight as shown in Tables 1 and  2 . These two characters (leaf size and nut weight) could be regarded as secondary component characters because of their significant indirect correlations and would play important role in the improvement of cashew nut yield. FALCONER (1972) and MARIOTTI (1985) remarked that high genetic covariance estimates, genetic correlations and heritability benefit indirect selection of character.
Knowledge of complex relationships between nut weight and nut yield would be essential to effectively develop cashew varieties that combine moderately high yielding and good kernel quality in terms of size and colour. Although these characters showed insignificant relationship in the correlation analysis, path analysis revealed direct significant effect of the former on nut yield. Hybridization and recurrent selection method are the appropriate breeding techniques that can achieve meaningful progress in the improvement of cashew nut yield without compromising quality in this circumstance. SENA et al. (1994) reported positive association between nut weight and nut yield, while SALLEH et al. (1989a SALLEH et al. ( , 1989b recorded negative correlation between nuts per tree and nut weight as obtained in this study. However, it would be further desirable that appropriate selection indices may be formulated so that advance in one yield component is not nullified by deterioration in another.
However, the discrepancies in the results of the association between nut weight and nut yield among different authors may be attributed to differences in the advance stage of cashew population used for each of the respective studies, the pleiotropic gene effect and nature of past selection methods adopted in the previous yield improvement programme in each environment (FALCON-ER, 1972) .
To effectively carry out improvement in cashew nut yield, selection procedure or approach could be adopted by ejecting all individuals that fail to come up to a certain standard for each yield components regardless of their values for any other (FALCONER, 1972) . Although single character selection can improve yield, yet long range yield improvement is likely to result from improvement in all those characters that affect the expression of nut yield components. Six characters (nuts per panicle, nuts per tree, hermaphrodite flowers per panicle, pollen grain fertility, nut weight and leaf size) will ultimately have a favourable influence on the cashew nut yield either directly as primary yield components or indirectly through other secondary yield components. It has been shown, that the most rapid improvement of economic value is expected from selection applied simultaneously to all the component characters together, with appropriate weight being given to each character according to its relative economic importance, its heritability and the genetic correlations between the different characters (HAZEL and LUSH, 1942; HAZEL, 1943) .
In summary, characters such as nuts per panicle, nuts per tree, hermaphrodite flowers per panicle and pollen grain fertility could be regarded as primary yield components, while nut weight and leaf size are secondary components through which indirect selection could be applied. While improvement in cashew nut yield could be rapidly achieved through selection of the correlated characters, however, improvement on nut and kernel quality would be better accomplished through hybridization.
